Cell culture is one of the most common methods in cell biology research, with the continuous development and innovation in the field of modern biology and medicine, the use of this technology is becoming more and more universal. The medium of cell culture often needs to add various nutrients, generally add the animal serum, such as fetal bovine serum (FBS), because it contains plentiful nutrients and physiochemical compounds which are required in cell growth ([@CIT0014], [@CIT0037]). But it still has some shortcomings, such as the instability between batches makes it difficult to control the quality of each batch. Virus contamination and mycoplasma contamination which always exist and hard to avoid, resulting in an obstacle to the purification of the subsequent product, meanwhile, more and more scholars have begun to worry about the safety and defects of FBS ([@CIT0061], [@CIT0041]), they constantly propose the need to actively discover and develop the substitute of FBS ([@CIT0051]). By now many researchers have made great efforts to develop diversified serum-free media products ([@CIT0027], [@CIT0011]).

The cocoon shell of the silkworm is mainly composed of silk fibroin and sericin which is wrapped in its outer layer for adhesion and protection ([@CIT0026]). In the process of silk processing, the sericin is usually treated as waste and is discharged into the river with the degummed waste liquid, it not only leads to serious environmental pollution, but also results in a great waste of biological resources. Our research team has developed a pollution-free and environmentally-friendly silk degumming solvent---the strongly alkaline electrolysis water method ([@CIT0008]), silk protein surfactant ([@CIT0055]) and alkyl polysaccharide ([@CIT0053]), which could greatly improve the problems of the environment and subsequent sericin recycling, our team also reported a method of recovering sericin from silk processing waste and performing degradation ([@CIT0059]). The recovered macromolecule sericin crude products were hydrolyzed with protease ([@CIT0060]), and prepared sericin of various molecular weight ranges. Sericin of different molecular weight may have different effects on cells.

Early in 2005, there was a report on silk sericin used for insect cell culture, sericin polypeptides could protect Sf9 insect cells from death which due to acute deficiency of serum ([@CIT0046]). As a mitotic factor, sericin could better promote the proliferation and attachment of mammalian cells ([@CIT0048], [@CIT0029], [@CIT0033]). It could also significantly promote the proliferation of hybridoma cells ([@CIT0047]). Sericin had a corresponding effect on human marrow stromal cells (hMSC) ([@CIT0052]), endothelial cells, and human skin fibroblasts ([@CIT0050]). Recently we also explored the effect on mouse fibroblasts, tumor cells, and hybridoma cells after replacing or partially replacing serum by sericin peptide and its hydrolysate; it was found that sericin had an observable promotion for these types of cells, especially for hybridoma cells ([@CIT0007]). The assessment of the effect on the cells after these sericin replaced the serum was still primary, lacking thorough research and mechanism exploration, in particular, the effect on related genes of cell cycle and progression, cell proliferation and migration remained to be studied.

In this article, a new sericin hydrolysis method was used, Chinese hamster ovary (CHO) cells and Henrietta Lacks (Hela) strain of human cervical cancer cells were cultured by sericin alkaline hydrolysate which completely replaced FBS, the morphology, physiology, expression of related genes and other characteristics of cultured cells before and after hydrolysated sericin replaced FBS were compared, contributing to the systematic evaluation of feasibility that hydrolysated sericin completely or partially replaced FBS in cell culture.

Materials and Methods {#s1}
=====================

Materials {#s2}
---------

Silkworm cocoons were obtained from Nantong New Silk Road Sericulture Ltd. (Nantong City, Jiangsu Province, P. R. China), CHO cell and Hela cell (purchased from the Chinese Academy of Sciences Cell Bank, Shanghai, China).

Preparation of Silk Sericin Hydrolysate {#s3}
---------------------------------------

The cocoon shell or a raw silk sheet used for the manufacture of silk quilt was placed in 0.1% Ca(OH)~2~ aqueous solution, boiled and degummed for 20 min, then took the degummed silk fibroin fiber out, while the degumming liquid continued to boil for 10 min, after cooling, adjusted to neutral with sulfuric acid solution, after centrifuged at 13,000 r/min for 20 min, filtered to remove precipitates and impurities. The supernatant was stored overnight in a refrigerator at −80°C to form a frozen state, the sample was placed in a vacuum lyophilizer, after 3 d, the silk sericin hydrolysate (SSH) could be obtained. The different concentrations of samples in sterile PBS were filtrated with 0.22 μm micropore filters before use.

The Cultural Conditions of the Cell Line {#s4}
----------------------------------------

CHO and Hela cells were placed in DMEM high-glucose medium containing 10% FBS and 1% double antibody (mixed solution of penicillin and streptomycin), cultured in an incubator at 37°C under 5% CO~2~. CHO and Hela cells were observed as adherent cells under microscope, the ratio of living cells with trypan blue staining reached more than 95%. Cells which were in exponential phase were digested by trypsin, counted under the microscope and made into a certain concentration of cell suspension. Took 100 μl to 96-well plate respectively, each kind of cell on each plate was seeded with four identical wells, obtained the optimal growth density of cells. The cell density of CHO cell was 8.3 × 10^3^cells/well, the cell density of Hela cell was 2.2 × 10^4^ cells/well, used 100 μl of culture medium as a blank control, cultured overnight at 37°C.

Four different concentrations of SSH prepared at 15, 30, 60, and 120 μg/ml as all-replace experimental groups, 10% FBS group as control group, chose the best concentration of SSH. The following cell growth and overall survival ratio were assessed with this concentration. Based on this concentration, cells in exponential phase were evaluated for cell morphology, overall survival ratio, cell cycle, and population doubling time. In addition, analysis of the expression of related genes was carried out for the SSH group and the FBS group of each cell line.

Evaluation of Cell Growth {#s5}
-------------------------

Cell growth of SSH and FBS control groups was assessed with the viability capacity and morphology of the cells. The viability capacity of cells was determined by MTT assay, 7 time points (1d, 2d, 3d, 4d, 5d, 6d, and 7d) were detected. In the same quantity and volume of cells, added 20 μl MTT solution (5 mg/ml) to each well on each test point, placed in incubator for 4 h at 37°C under 5% CO~2~, and then ended the culture, subsequently, the MTT solution was removed and 150 μl DMSO was added to each well. The 96-well plates were placed on a shaker for 10 min to fully dissolve the crystal. The absorbance of each well was measured at 490 nm by using a microplate reader and the value of each plate was recorded.

Photomicrographs of the cells were taken with a microscope when the cells fusion were 80--90%. Record cell morphology and size data in the logarithmic phase of the cell.

Evaluation of Cell Proliferation {#s6}
--------------------------------

The cell cycle distribution was studied by assessing the DNA content (fluorescence intensity) of the different cell stages. Cell samples were analyzed by flow cytometry software FLOWJO and repeated four times each time. The percentage of PI-stained cells in G0/G1, S and G2/M phases were recorded, as well as the peak fluorescence intensity of G1 and G2 and the G2/G1 ratio were assessed. The specific operation was as follows: CHO cells at a density of 2.5 × 10^5^ cells/well and Hela cells at a density of 6.7 × 10^5^ cells/well were inoculated respectively into 6-well plates and cultured overnight at 37°C. Later the cell was detached by typsinization, centrifuged, and the pellet of cells was immediately fixed with pre-cold 70% ethanol. Afterward, the cells were washed with cold PBS to remove ethanol, slowly and fully resuspended with 1 mg/ml RNase A solution at 37°C water bath for 30 min in the dark to digest RNA in the cells, and finally stained PI using a standard method. After dyeing, the red fluorescence was detected by flow cytometry at the excitation wavelength of 488 nm, corresponding to the BD Flow Cytometer FL2 detection channel, and the light scattering was detected. Then FLOWJO software was used to analyze the cell cycle.

Quantitative RT-PCR {#s7}
-------------------

Differentially expressed gene (DEG) was verified by quantitative RT-PCR (qRT-PCR). We performed 10 qRT-PCR involved 'inhibit DNA binding' (*ID1*, *ID2*), 'cell cycle progression' (*FN1*, *MFSD4*, *MMP1*) and 'cell proliferation and migration' (*INHBA*, *LCN2*, *CBY1*, *CXCL12*, *SCNN1A*). The β-actin gene was selected as the reference gene. Primers were designed by Oligo software (version 7.60). Experiments were repeated for three times.

Statistical Methods {#s8}
-------------------

The experimental data were processed by Origin 8.5 statistical software, and the results were expressed as mean ± SD. All data comparison used one-way analysis of variance; it had statistical significance when *P* \< 0.05.

Results {#s9}
=======

Cell Morphology and Overall Survival Ratio {#s10}
------------------------------------------

The morphology of the cells was analyzed by cell photographs which were continuously shot for a week with a microscope, and representative photomicrographs of cells on day 1 and day 5 were selected ([Figs. 1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}). As a result, it was found that CHO cells could analogously grow well in SSH medium and FBS control medium, and also showed normal cell morphology ([Fig. 1A--E](#F1){ref-type="fig"}). CHO cells cultured in SSH medium showed diffuse fibroblast-like cell morphology with extensive cell--cell contacts. This was the same as the cells cultured in FBS medium ([Fig. 1A](#F1){ref-type="fig"}). In the first to fifth day, the cell proliferated rapidly, but the morphology of the cells was still similar to that of the FBS control group, especially when treated with 15 μg/ml SSH media ([Fig. 1B](#F1){ref-type="fig"}). The typical cell morphology of the HeLa cells ([Fig. 2A--E](#F2){ref-type="fig"}), particularly a subconfluent monolayer of cell status with an unoccupied surface, cell boundaries and condensed nuclear chromatin, was shown in FBS and SSH media. Unaltered cell morphology indicated that SSH could support cell growth of Hela cells. Furthermore, no significant differences in cell morphology were observed between cells cultured in SSH media with the concentration at 15 μg/ml and FBS media based on cell size, shape and profile ([Fig. 2B](#F2){ref-type="fig"}).

![Microscope photos (×200) of CHO cells cultured in FBS or SSH on 1 d (a--e) and 5 d (A--E). a&A: FBS, b&B: SSH (15 μg/ml), c&C: SSH (30 μg/ml), d&D: SSH (60 μg/ml), e&E: SSH (120 μg/ml)](jisesa_iey137_f0001){#F1}

![Microscope photos (×200) of Hela cells cultured in serum or alkaline hydrolyzed sericin on 1 d (a--e) and 5 d (A--E). a&A: FBS, b&B: SSH (15 μg/ml), c&C: SSH (30 μg/ml), d&D: SSH (60 μg/ml), e&E: SSH (120 μg/ml).](jisesa_iey137_f0002){#F2}

Cell proliferation is an important vital characteristic of the organism, single cell organisms produce new individuals in the form of cell division, multicellular organisms produce new cells by cell division for replenishing aging and dead cells in the body. MTT is often used to detect the capacity of cell proliferation, its detection principle is that succinate dehydrogenase in mitochondria of living cell can make the exogenous MTT reduce to water-insoluble blue-violet crystal formazan, and the crystal is deposited in cells, while dead cells do not have this function. Dimethyl sulfoxide (DMSO) can dissolve formazan in cells, the absorbance value (OD) is measured at 490 nm by a microplate reader, within the range of a certain number of cells, the amount of MTT crystals is proportional to the number of cells. The number of viable cells is determined by the measured OD value, the bigger the OD value, the stronger the cell activity. After morphological observation, we measured the overall cell survival rate by MTT assay. Cells were cultured by SSH with different concentrations; it was found that 15 μg/ml SSH was the most suitable for two cell lines ([Fig. 3](#F3){ref-type="fig"}). Specifically, in the first 2 d, the OD values of CHO cells in the medium of the FBS and different concentrations of sericin alkaline hydrolysate were similar. On the third to seventh day, the absorbance values of the low-dose SSH (15 μg/ml) were comparable to those of the FBS group, while the OD values of the other several concentrations of SSH were slightly lower than those of the FBS group ([Fig. 3a](#F3){ref-type="fig"}). HeLa cells showed a higher overall survival rate in the first 5 d of the 15 μg/ml SSH medium ([Fig. 3b](#F3){ref-type="fig"}). On the sixth day and the seventh day, the absorbance values were slightly lower than the FBS group. While the other concentrations, especially the high concentration of 120 μg/ml, the OD values were far lower than the FBS group. In conclusion, it was found that 15 μg/ml SSH medium was the best choice for serum-free growth of both cells.

![The metabolic activity curves of CHO (a) and Hela (b) cells.](jisesa_iey137_f0003){#F3}

Cell Cycle Distribution {#s11}
-----------------------

The cell cycle distribution of CHO and Hela cells were analyzed by Flow Cytometry, [Fig. 4](#F4){ref-type="fig"} were representative images analysis of 80--90% fusion of both cells. As could be seen from the figure, in the 15 μg/ml SSH group, the proportion of cells in S phase of both cells increased compared with the FBS group, among them the proportion of S phase of CHO cells was 1.89 times that of FBS group ([Table 1](#T1){ref-type="table"}), correspondingly the proportion of cells in G2/M phase decreased. [Figure 5](#F5){ref-type="fig"} and [Table 2](#T2){ref-type="table"} were the ratio of the cycle distribution of CHO cells from 0 d to 7 d, compared with cells in FBS media, the percentage of S phase cells in SSH media did not increase significantly in the first 3 d, G0/G1 and G2/M phases were also not accompanied by a reduction in proportion ([Fig. 5a--d](#F5){ref-type="fig"}). While on the fourth day to the seventh day, the percentage of S phase cells in SSH media increased, G0/G1 and G2/M phases were accompanied by a reduction in proportion ([Fig. 5e--h](#F5){ref-type="fig"}). These results indicated that there were similar (or greater) amounts of active cells in DNA synthesis in media of 15 μg/ml SSH.

![Representative images of flow cytometry analysis carried out at 80--90% cell confluence.](jisesa_iey137_f0004){#F4}

###### 

The proportion in different phases of both cells at 80--90% cell confluence

  ------ -------------------- -------- -------- --------
         Group                G0/G1    S        G2/M
  CHO    FBS                  45.62%   15.37%   40.95%
         SSH (15 μg/ml)       40.84%   29.05%   32.14%
         Multiple (SSH/FBS)   0.895    1.890    0.785
  Hela   FBS                  54.07%   24.75%   20.25%
         SSH(15 μg/ml)        50.25%   27.40%   24.19%
         Multiple (SSH/FBS)   0.929    1.107    1.195
  ------ -------------------- -------- -------- --------

![Cell cycle distribution in the SSH medium (15 μg/ml) and FBS medium for CHO Cells for different days. The number of cells in the G0/G1-, S-or G2/M-phase is given as percentages of the total cell population.](jisesa_iey137_f0005){#F5}

###### 

Cell cycle distribution in the SSH medium (15 μg/ml) and FBS medium for CHO Cells for different days

  ----------- ------- ------- ------- ------- ------- ------- ------- -------
  Day(s)      0               1               2               3       
  Group       FBS     SSH     FBS     SSH     FBS     SSH     FBS     SSH
  G0/G1 (%)   47.52   45.95   50.42   49.62   50.12   42.94   45.99   45.31
  S (%)       12.05   16.43   15.70   16.71   20.00   20.64   20.57   23.70
  G2/M (%)    42.23   37.28   34.99   34.19   31.11   37.53   34.41   33.49
  Day(s)      4               5               6               7       
  Group       FBS     SSH     FBS     SSH     FBS     SSH     FBS     SSH
  G0/G1 (%)   42.62   45.40   44.44   39.70   62.49   66.36   68.17   69.47
  S (%)       21.20   24.41   14.88   28.86   19.53   15.80   16.25   13.46
  G2/M (%)    36.87   31.44   41.07   32.55   18.65   17.69   16.85   17.32
  ----------- ------- ------- ------- ------- ------- ------- ------- -------

[Figure 6](#F6){ref-type="fig"} and [Table 3](#T3){ref-type="table"} showed the proportion of Hela cells cycle distribution in the period of 0 to 7 d, compared with cells in FBS media, the percentage of S phase cells in SSH media did not increase significantly in first 5 d, G0/G1 and G2/M phases were also not accompanied by a reduction in proportion ([Fig. 6a--f](#F6){ref-type="fig"}). These results indicated that there were similar (or greater) amounts of active cells in DNA synthesis in SSH media. While on the sixth day and the seventh day, the percentage of S phase cells in SSH media increased, G0/G1 and G2/M phases were accompanied by a reduction in proportion ([Fig. 6g](#F6){ref-type="fig"} and [h](#F6){ref-type="fig"}).

![Cell cycle distribution in the SSH medium (15 μg/ml) and FBS medium for Hela Cells for different days (a: 0d, b:1d, c:2d, d: 3d, e: 4d, f: 5d, g: 6d, h: 7d). The number of cells in the G0/G1-, S-or G2/M-phase is given as percentages of the total cell population.](jisesa_iey137_f0006){#F6}

###### 

Cell cycle distribution in the SSH medium (15 μg/ml) and FBS medium for Hela Cells for different days

  ----------- ------- ------- ------- ------- ------- ------- ------- -------
  Day(s)      0               1               2               3       
  Group       FBS     SSH     FBS     SSH     FBS     SSH     FBS     SSH
  G0/G1 (%)   46.16   48.62   53.49   52.54   56.20   49.81   56.21   52.12
  S (%)       18.92   17.61   13.32   13.53   17.11   18.33   18.28   23.80
  G2/M (%)    33.27   33.06   33.06   33.94   26.37   31.10   25.15   24.22
  Day(s)      4               5               6               7       
  Group       FBS     SSH     FBS     SSH     FBS     SSH     FBS     SSH
  G0/G1 (%)   53.70   50.03   54.86   48.85   58.05   60.72   67.82   72.39
  S (%)       21.87   23.42   23.92   28.01   19.51   14.24   10.61   9.57
  G2/M (%)    22.80   24.60   21.67   24.18   23.66   23.43   21.11   19.65
  ----------- ------- ------- ------- ------- ------- ------- ------- -------

The above results indicated that the two cells in the 15 μg/ml SSH group, could show similar or better cell cycle distribution compared to the control medium of FBS. Demonstrating that no deleterious distortion occurred in the cytogenetic process in the SSH medium.

Comparison of Related Gene Expression {#s12}
-------------------------------------

In order to compare and study the cell cycle and other expression of related genes, in this experiment, the expression of 10 genes involved 'inhibition of DNA binding (*ID1*, *ID2*)', 'cell cycle progression (*FN1*, *MFSD4*, *MMP1*)', and cell proliferation and migration (*INHBA*, *LCN2*, *CBY1*, *CXCL12*, *SCNN1A*) were detected by qRT-PCR. According to the results obtained in the experiment, it was found that the cell morphology, the overall survival ratio and the cell cycle distribution of the two cells in the low concentration of SSH were significantly better than those in the high concentration of SSH, moreover, the culture effect of 15 μg/ml SSH was similar to that of FBS. Therefore, this study selected this concentration of SSH to detect the 10 related genes of CHO and Hela cells, and FBS as a control to do a comparative study. The results showed that after CHO cells were cultured in SSH media, the relative expression of the related gene *MFSD4* involved in cell cycle progression were flat with the FBS group, the relative expression of the other two genes *FN1* and *MMP1* were increased by 2.2 and 2.9 times, respectively, compared with the FBS group ([Fig. 7a](#F7){ref-type="fig"}). *CBY1* and *LCN2*, which were involved in cell proliferation and migration, were slightly higher or lower than those in FBS group, the expression of *SCNN1A* gene was significantly reduced by about 40%, while the relative expression of *INHBA* and *CXCL12* genes increased significantly, compared with FBS, they increased by 160 and 210%, respectively. The relative expression of *ID1* and *ID2* genes involved in DNA binding were respectively decreased by 20 and 40%. These results indicated that in the genes involved in cell cycle progression, two genes were increased, one gene was flat; the relative expression of *INHBA* and *CXCL12* genes involved in cell proliferation and migration was significantly increased. After Hela cells were cultured in SSH media ([Fig. 7b](#F7){ref-type="fig"}), *MFSD4* gene involved in cell cycle progression was flat with FBS, while the relative expression of *MMP1* and *FN1* increased significantly by 30 and 100%; the gene involved in cell proliferation and migration in addition to the expression of *SCNN1A* gene decreased by 60%, the relative expression of the other four genes *CXCL12*, *CBY1*, *INHBA*, and *LCN2* respectively increased 30%, 120, 130, and 180%. Similarly, the relative expression of *ID1* and *ID2* genes involved in inhibition of DNA binding decreased by 70 and 60%, respectively. From the above results, it was found that 15 μg/ml SSH substituted FBS to culture both CHO and Hela cells, in the gene of cell cycle in addition to *MFSD4* which was flat, the expression of the other two genes *FN1* and *MMP1* increased significantly, especially CHO cells; and inhibited the expression of the DNA-binding gene more or less; while in the genes involved in cell proliferation and migration, the expression of *SCNN1A* gene was inhibited, the expression of the other two genes *INHBA* and *CXCL12* were significantly promoted.

![qRT-PCR detection of CHO (a) and Hela (b) cells 10 related expressed genes. *y*-axis represents the relative expression value (2-ΔΔCt, normalized to mean in control) compared to reference gene β-actin (ACTB), SSH (15 μg/ml).](jisesa_iey137_f0007){#F7}

Specifically, the up-regulated genes were associated with cellular energy metabolism and DNA replication such as cellular respiration and cell cycle progression, while the down-regulation of genes were associated with extracellular matrix transport, ribonucleoprotein complex, cell growth inhibition such as inhibition of DNA binding (*ID1*, *ID2*), transcriptional activation and fibrinolysis. In addition, it was consistent with the observation of the phenotype and metabolic status of the cells, genes associated with these functions and related biological processes were activated to promote cell survival and proliferation.

Discussion {#s13}
==========

The purpose of this experiment is to systematically evaluate the performance of sericin as a serum substitute. In this experiment, we selected CHO cells and HeLa cell lines. These two cells are very representative, CHO cells represent fibroblast-like cells, HeLa cell lines represent tumor cells.

Using sericin instead of FBS to culture different types of cells is still less, which greatly limits the sericin as a serum substitute used in the cell culture industry ([@CIT0016]).

CHO cells belong to fibroblast-like cells; they can either adhere to the wall for growth or grow in suspension ([@CIT0025]). CHO cell is one of the best expression systems for exogenous eukaryotic genes. It is also the most commonly used mammalian cell in biopharmaceuticals ([@CIT0020]). In genetic engineering drugs that have been listed and are undergoing clinical studies, about 60 to 70% are mammalian cells expressing products, while the products expressed by CHO cells account for most of them ([@CIT0031]). CHO cell lines are one of the most commonly used and most effective expression systems for exogenous proteins; it can be used as a mammalian host for the treatment of recombinant proteins ([@CIT0057], [@CIT0005], [@CIT0006]). Compared with other expression systems, CHO expression system has the following advantages ([@CIT0044], [@CIT0022]), with an accurate post-transcriptional modification function, the expressed protein is closest to the native protein molecule in terms of molecular structure, physicochemical properties and biological function ([@CIT0004]); with the efficient amplification and expression ability of recombinant genes, the integration of foreign protein is stable; with the function of extracellular secretion of products, and rarely secrete its own endogenous protein, which facilitates the separation and purification of downstream products; it can be cultured in suspension or in serum-free medium to achieve high-density culture. In recent years, in order to reduce production costs and the potential harm caused by blood products, animal cell production have begun using serum-free medium. However, the serum-free medium often leads to poor cell viability, poor adherence, poor ability to secrete foreign proteins and other shortcomings. In addition, there were researchers had attempted to transfer insulin-like growth factor IGF genes and transferrin genes into CHO cells to obtain 'super-CHO' that could secrete essential proteins by itself, cells could grow well in serum-free medium without the need to add transferrin and insulin in the culture media ([@CIT0035]).

Hela Cells, also known as experimental proliferating epidermal cancer cells, are a kind of cell used in biology and medical research which from the cervical cancer cell lines of an American woman, Hela. In the medical field, Hela cells are widely used in tumor research, biological experiments or cell culture, which have become a very important tool in medical research ([@CIT0040], [@CIT0013], [@CIT0012]).

In this experiment, the effects of SSH as a serum substitute on cell culture were systematically evaluated by studying morphology, the overall survival rate, cell cycle and proliferation of cells and the expression of related genes.

Morphological observation of cells is often used for cell status assessment, and there have been some studies on the effects of serum-free or serum reduction on cell cultures ([@CIT0019], [@CIT0021]). However, previous studies were limited to cell survival. In this experiment, the morphology, cell cycle and population doubling time of cells were evaluated after the SSH substituted FBS. Our results indicated that SSH could replace FBS in cell culture, there was no significant difference in cell morphology, it was similar to previous related experiments of sericin and morphology of cultured cells ([@CIT0009], [@CIT0002]). In addition, in the cell cycle and population doubling time, it was found that there were related reports of promoting cell growth and shortening the population doubling time with sericin in the process of fibroblast culture ([@CIT0003]).

Previous studies often used expensive cell growth-related factors rather than sericin in serum-free media, such as fibroblast growth factor, leukemia inhibitory factor and transforming growth factor ([@CIT0045], [@CIT0017], [@CIT0010], [@CIT0015]). Takahashi et al. first tried sericin, it was found that the small peptide Ser D, which was added to the medium after the decomposition of sericin, could improve the growth status of insect cells with serum-free culture ([@CIT0034]). Since then, sericin was used as a component of cell culture to promote cell proliferation in serum-free media ([@CIT0018], [@CIT0001], [@CIT0030]). However, sericin was not considered a complete substitute for FBS, and was not fully evaluated for its effectiveness in serum-free media. For example, Miyamoto et al. using sericin and DMSO as supplement for culture and cryopreservation of human hepatocytes, it could improve cell adhesion and cell viability in serum-replaced media. Therefore, these methods were difficult to obtain or clearly explained the specific molecular mechanism of sericin promoting cell growth.

Using a series of concentration gradients to optimize the concentration of SSH, we successfully applied SSH to completely replace FBS. Our preliminary results showed that by measuring the overall cell survival rate and population doubling time, the optimum SSH concentration (15 μg/ml), compared with the addition of different extraction methods of sericin, growth factor addition and partial sericin replacement method ([@CIT0047]), had a better ability to promote cell growth and reproduction.

We have also determined some of the previous unfinished items, detected the DNA content of the cells and analyzed the cell cycle. We found that the percentage of S phase cells did not increase significantly and there was no corresponding decrease in the proportion of G0/G1 and G2/M cell populations, especially in HeLa cells. This showed in the media of the two cells that sericin alkaline hydrolysate instead of FBS, S phase cell aggregation suggested that SSH could increase the potential of cell proliferation ([@CIT0054], [@CIT0024]). It was noteworthy that the promotion of cell cycle in cytogenetic compilation did not cause harmful distortion ([@CIT0038]). In view of the imbalance of cell cycle would lead to the possibility of damaging cells by DNA of abnormal proliferation and cell apoptosis ([@CIT0036]), the results of this study clearly showed that hydrolysated sericin replaced FBS, could promote cell cycle progression without causing apoptosis or cell damage to the cells.

The results of the above-mentioned cell cycle assays indicated that compared to the FBS control group, the cell division procedure of the two cells could be highly activated in the SSH medium without causing adverse changes (cell apoptosis or injury) after promoting the cell cycle. In this experiment, we first evaluated the cellular status of the relevant gene expression levels in the medium of SSH, which provides a meaningful method on promoting cell growth and proliferation at the molecular level. This was consistent with the observation of the cell phenotype, the growth function and the associated gene involved in the biological processes that were activated to promote cell growth and proliferation. Upregulation of genes was associated with cellular energy metabolism and DNA replication, such as cellular respiration. The importance of DNA packaging and cell activation in cell differentiation could also be well recognized ([@CIT0032], [@CIT0023], [@CIT0056]), and they benefited from the role of integration of cells with cells and cells with matrix. Similarly, the biokinetics of cell adhesion affected the regulation of cellular and cellular and cellular-matrix interactions such as cell proliferation, differentiation, and tissue formation, etc. ([@CIT0049], [@CIT0042]). Cell adhesion molecules were important for the interfacial interaction of signal-mediated transduction between cells and extracellular matrix ([@CIT0058], [@CIT0039]). The down-regulated genes were predominantly extracellular matrix transporters and participated in cell growth inhibition processes, such as inhibition of DNA binding (*ID1*, *ID2*), transcriptional activation and fibrinolysis. The release of inhibition gene *ID1*, *ID2* inhibited the DNA binding process ([@CIT0043], [@CIT0028]).

In summary, compared to cells cultured in FBS control group, cells cultured in 15 μg/ml hydrolysated sericin showed similar cell morphology, similar or higher overall cell survival rate, and a higher percentage of S phase as well as similar G2/G1 ratios, indicating comparable or better cell growth and proliferation. In terms of related gene expression, the DEGs between cells in the two media were mainly enriched in the functions and biological processes related to cell growth and proliferation. The relative expression of *CXCL12* gene in CHO cells increased to three times, the relative expression of *INHBA* gene also increased significantly, and *LCN2*, *CBY1* genes were flat with or slightly higher than the FBS group. In Hela cells, the relative expression of *LCN2* gene increased to 2.8 times, the relative expression of *CBY1* and *INHBA* genes also increased significantly, and *CXCL12* gene was slightly higher than the FBS group. The above results reflected that the gene was activated to promote cell growth and proliferation. In addition, the relative expression of *FN1*, *MFSD4*, and *MMP1* genes involved in cell cycle progression in both media were flat with or significantly higher than FBS group, indicating that these genes were activated to promote cell cycle progression. The results of this experiment showed that the cells cultured in the medium with 15 μg/ml sericin hydrolysate instead of FBS showed similar or even better results than those cultured in the medium containing FBS. Our results not only provided conclusive evidence for the use of sericin hydrolysate as a substitute for FBS, but also better elucidated the sustainable development of the future in cell culture and the silk industry.
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